in male reproductive success, and thus amplifies pre-copulatory sexual selection [4] . In red flour beetles, for example, male precopulatory attractiveness is positively associated with success during sperm competition [5] , and in guppies, more ornamented males sire more offspring when the sperm of two males are artificially inseminated in equal numbers [6] . Male mating advantage more generally has also been shown to correlate with fertilization success [7] . However, in water-striders, larger males have higher mating success, but smaller males secure a greater share of paternity from each mating [8] . As a result, pre-and post-copulatory sexual selection cancel each other out in this system and reduce the variance in male reproductive success [8] . Similarly, in Soay sheep, males that copulate most sire fewer offspring toward the end of the rut when they become sperm depleted and lose out in sperm competition [9] .
Here, we investigate in the fly Drosophila simulans the relationship between female mate preference -a major component of pre-copulatory sexual selection -and fertilization success of the second of two males to copulate with a female (= P2). Female preference, which reflects male attractiveness, was measured as copulation latency: the speed with which a female mates with a male. Our design allowed us to investigate both phenotypic and genetic associations between these characters (Supplemental data).
To assess phenotypic correlations we used multiple regression with the duration of copulation 1 and 2, number of offspring produced before copulation 2, number of offspring produced after copulation 2, female age at second copulation and copulation latency of the second male as our predictor variables. P2 (male fertilization success) was the dependent variable and data were transformed as appropriate (Supplemental data). Copulation latency was significantly negatively associated with P2 (F 1,178 = 7.45; p = 0.007) -second males which took longer to copulate (less preferred males), sired fewer offspring ( Figure 1 While sexual selection is responsible for the rapid evolution of many characters [1, 2] , the precise relationship between pre-and post-copulatory sexual selection is unclear [3] . In some species, the two are positively associated and reinforce each other, while in others, the two bouts of selection are antagonistic and cancel each other out. Here we assessed the relationship between female preference for males and male fertilization success during sperm competition in the fly Drosophila simulans. We find that attractive males sired more offspring and also find a positive genetic correlation between male attractiveness and siring success.
The classical mechanisms of sexual selection are female mate choice and male-male competition for mates [1, 2] . While Darwin [1] introduced the concept of sexual selection more than one hundred years ago, it became clear only very recently that sexual selection could continue after mating. Sperm competition, where the sperm of two or more males compete to fertilize a female's ova, represents postcopulatory male-male competition, whereas cryptic female choice, which is any post-intromission female biasing of resources or paternity toward certain males, is the post-copulatory equivalent of female choice [3] . There is now ample evidence for evolution via both preand post-copulatory sexual selection [1] [2] [3] . What remains much less clear, however, is how these two episodes of sexual selection relate to one another [3] , and if males that are preferred in the pre-copulatory arena (attractive males), also perform best in the post-copulatory one.
It has been suggested -and there is some evidence -that post-copulatory sexual selection typically increases the variance the association is even stronger. All other associations were not statistically significant (F < 0.94; p > 0.33), which indicates that P2 variation was not due to variation in offspring survival -i.e. there were no associations between offspring production and P2. Therefore, the association between faster mating speed and P2 is unlikely to be due to low-quality, less preferred males siring offspring that showed decreased survival during the larval stage. The inclusion of the attractiveness of the first male (copulation latency of the first copulation) does not change these conclusions, neither does the use of relative copulation duration (duration of male 2 copulation -duration of male 1 copulation) or the inclusion of male age in the analysis. This lack of a male-age effect means associations are unlikely to be caused by older males with larger sperm reserves transferring more sperm and courting more. Regression of (sire) family means, (P2 on copulation latency) also reveals a negative association between mating latency and paternity (n = 38; ß = -0.401 ± 0.15; r = 0.41; p = 0.01). This is consistent with more attractive males (those that mate faster) also being more successful during sperm competition. This family-level association, which approximates genetic correlations [10] , also means the phenotypic The association between copulation latency (log10 transformed), our measure of female preference for a male, and the proportion of offspring sired as the second of two males to mate with a female (arcsin square-root transformed). Males that mated faster sired more offspring. Note that the removal of the individual with the extremely low P2 value, and/or removal of the individual with the very fast copulation greatly increased the strength of the association, as does the use of logit transformation of the paternity data. association reported above is unlikely to be caused by sperm depleted females remating faster, because each data point here is the mean of about five females. Finally, we used MANOVA to assess the genetic association between attractiveness and paternity. While the variance around such estimates is typically very large -they are variances of variances [10] -the sign of associations is informative [10] . MANOVA indicated there was a negative genetic correlation between paternity and copulation latency (rG = −0.16 ± 0.7). Although the standard errors were large, as expected [10] , it is the sign of the association between attractiveness and paternity we are primarily interested in and this is consistent with the phenotypic and family level associations reported above: more attractive males (those that mate faster) are more successful during sperm competition. We have previously shown that attractiveness is heritable [11] and here found that P2 was also significantly heritable (h 2 = 0.22 ± 0.2; F 19,45 = 1.813 > critical F (0.05)19,45 = 1.80; p < 0.05).
We also examined whether females mating with more preferred males produced more offspring after their second copulation, again using multiple regression. Various models were investigated -predictors included copulation latency (of copulations 1 and 2), number of offspring produced before the second copulation, copulation durations, female age at the second copulation, and P2 -but there was no clear association between female preference of second males (copulation latency of second copulations) and the number of offspring produced after the second copulation. In the simplest, biologically plausible model with copulation latency of copulation 2, duration of the second copulation and offspring produced prior to the second copulation as predictors, there were no significant associations (all p-values > 0.11; all F < 2.6; n = 189).
Our results indicate that attractive males (those that copulated more quickly) sire more offspring as second males during sperm competition, and that there appears to be a genetic basis to this association. Therefore, pre-and post-copulatory sexual selection appear to reinforce one another in D. simulans. Additionally, the traits involved in both selection episodes can evolve, as both male attractiveness [11] and success in sperm competition are heritable, and the positive genetic correlation between them suggests they will evolve in concert. Interestingly, the attractiveness of first males had no impact on paternity (P2 and therefore P1), but our results clearly show that attractive males preferred by females are more successful in sperm competition when they are second to mate. This strongly parallels work with guppies and red flour beetles, where preferred males also have greater fertilization success [5, 6] .
The precise mechanism underlying this association is unknown, but two, non-mutually exclusive alternatives seem possible: Either preferred males are intrinsically better sperm competitors, or females bias paternity toward preferred males. There is evidence for either mechanism in other taxa. For example, in guppies, more attractive males have greater siring success when equal numbers of sperm are artificially inseminated, suggesting intrinsic male effects [6] . Similarly, cryptic female choice against less preferred males has been documented in feral fowl, where females are more likely to eject the sperm of subordinate males [12] . Our previous work with D. simulans [13] and the current study suggest females do not directly benefit from mating with preferred males, but attractive males do sire attractive sons [11] that are also better sperm competitors. This contrasts with the closely related D. melanogaster where preferred, attractive males reduce female fitness [14] and do not sire more attractive sons [15] .
In conclusion, attractive male D. simulans preferred by females had higher fertilization success during sperm competition, although the precise mechanism underlying this association is unknown. Additionally, females do not produce more offspring when mating with preferred males, but may reap indirect fitness benefits through the attractiveness and siring success of sons. These data are consistent with pre-and post-copulatory sexual selection acting in a reinforcing manner in this species.
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